Anaplasma phagocytophilum is a zoonotic agent of public health importance, infecting both humans and animals. An investigation of the presence of Anaplasma phagocytophilum as well as Anaplasma platys was conducted in a forest area of Selenge province, Mongolia, where ticks are widely distributed and tick-borne diseases are highly endemic. Ticks were collected and tested using polymerase chain reaction based on groEL methodology. Anaplasma phagocytophilum was detected in 14 (6%) of Ixodes persulcatus ticks and four (1%) Dermacentor nuttalli ticks; infection of Anaplasma platys was detected in 1% of Ixodes persulcatus ticks and 10% of Dermacentor nuttalli ticks. The phylogenetic tree showed that the Anaplasma phagocytophilum clustered with the Russian group, most likely due to similar geographical locations. This finding is significant for both veterinary and public health officials given that these agents can cause both animal and human illness.
Anaplasma phagocytophilum has been considered an emerging pathogen of public health importance.
3
HGA is characterized by headache; chill; myalgia; arthralgia; malaise; and hematological abnormalities such as thrombocytopenia, leukopenia and elevated hepatic aminotransferase levels.
4
Anaplasma phagocytophilum is thought to be naturally maintained in a tick-rodent cycle with humans being involved only as incidental dead-end hosts.
5
In Mongolia, livestock play an important role as reservoirs of Anaplasma phagocytophilum in endemic areas. The first study on human seroprevalence against Anaplasma phagocytophilum for central Asia reported a seroprevalence of 2.3% in Selenge province, 5.6% in Bulgan province, 2.8% in Dornogov province and 3.0% in both Tov province and Ulaanbaatar.
6
The objective of this study was to investigate the presence of Anaplasma phagocytophilumin tick vectors in a forest area of Selenge province, Mongolia.
METHODS
Un-engorged ticks were collected from two districts in Selenge province, Mongolia, Altanbulag and Khuder, both which border the Russian Federation. These districts were chosen for the study as they contain forest areas where ticks are widespread. Ticks were identified to the species level and stored alive at 4 °C until used. Tick samples (3-5 ticks) were frozen and mashed by liquid nitrogen and then deoxyribonucleic acid (DNA) was extracted using the G-spin genomic DNA extraction kit (iNrRON Biotechnology Inc., Republic of Korea).
Polymerase chain reaction (PCR) was conducted using groEL PCR-restriction fragment length polymorphism and sequence analysis.
7
Primers designed to amplify the partial groEL gene encoding heat-shock protein of Anaplasma phagocytophilum EphplgroELF (5-ATGGTATGCAGTTTGATCGC-3) and EphplgroELR (5-TCTACTCTGTCTTTGCGTTC-3) were used and expected to yield a 625-bp product for Anaplasma phagocytophilum and for Anaplasma platys, respectively. PCR amplifications were performed using the Maxime PCR PreMix kit (iNrRON Biotechnology Inc., Republic of Korea). All PCR products were separated by agarose gel electrophoresis, stained with Javkhlan et al Natural Anaplasma phagocytophilum infection in ticks, Mongolia
RESULTS
A total of 242 unfed ticks, comprising 222 adult Ixodes persulcatus ticks and 20 adult Dermacentor nuttalli ticks, were collected and individually examined. Of these, 14 (6.3%) Ixodes persulcatus samples and four (20%) Dermacentor nuttalli samples were positive for Anaplasma phagocytophilum; four (1.8%) Ixodes persulcatus samples and two (10%) Dermacentor nuttalli samples were positive for Anaplasma platys ( Table 1) .
The phylogenetic tree showed four main clusters: Europe-I, Russian Federation, Europe-II and United States of America (USA). The Anaplasma phagocytophilum groEL gene sequences from this study clustered within the Russian group and were most ethidium bromide and visualized under ultraviolet light (Figure 1) . Direct DNA sequencing was performed using the same PCR primers. If the sequence result was of low quality, the amplicon was cloned into a plasmid vector using a TOPO TA cloning kit (Invitrogen, Carlsbad, California) and then sequenced using the primers provided with the kit. Nucleotide sequences were initially checked using the Basic Local Alignment Search Tool hosted by the National Center for Biotechnology Information (http://blast.ncbi.nlm.nih.gov/Blast.cgim) for comparison with other known nucleotide sequences. The multiple alignment analysis and phylogenetic analysis were performed using the ClustalW online server (http://www.genome.jp/tools/clustalw/) with the default parameters. The phylogenetic tree showed clustering within the Russian group most closely with other samples from the same tick species from the Russian Federation and genetically distinct from agents found in Ixodes ricinus ticks, ruminants, horses, humans and more. As Selenge province is located in the north part of Mongolia and borders the Russian Federation, it has a similar geographical topography and therefore this result is not surprising. Ixodes persulcatus is the vector of Anaplasma phagocytophilum in Asia, the Ural Mountains in the Russian Federation, Siberia, the Far East and in the Russian Baltic region. 9 Ixodes persulcatus is distributed within the north and north-eastern parts of Mongolia; Dermacentor nuttalli is more widely distributed throughout Mongolia.
To the author's knowledge, this study is the first description of Anaplasma phagocytophilum and Anaplasma platys in ticks in Mongolia and has both veterinary and public health significance given that these agents can cause both animal and human illness. As there is already serological evidence of human illness from Anaplasma phagocytophilum in Mongolia, 6 an understanding of the transmission mechanisms from tick to humans is required to develop prevention methods for HGA.
closely related to the Anaplasma phagocytophilum detected in Ixodes persulcatus ticks from Novosibirsk (GenBank:HM366569.1) and from Sverdlovsk (GenBank:HM366567.1) in the Russian Federation and were genetically distinct from Anaplasma phagocytophilum agents found in Europe-I, Europe-II and USA groups (Figure 1) .
DISCUSSION
Discrepant infection of Anaplasma phagocytophilum in ticks has been observed around the world. In this study, both Anaplasma phagocytophilum and Anaplasma platys infection were detected in ticks from the forest area of Selenge province, Mongolia. For Ixodes persulcatus ticks the prevalence of Anaplasma phagocytophilum was 6.3%, similar to the 4.6% reported in a previous study from Inner Mongolia Autonomous Region and Heilongjiang Province, China. 8 
Infection in female
Ixodes persulcatus ticks was higher than in males. Anaplasma platys infection in Ixodes persulcatus ticks was 1.8%. For Dermacentor nuttalli ticks, Anaplasma phagocytophilum was detected in 20% and Anaplasma platys in 10%. This suggests that these tick species may play a role in the transmission of both Anaplasma phagocytophilum and Anaplasma platys from ticks to humans in nature. 
